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考察装置性能，并将芯片装置用于 10μm 和 20μm 微球混合样品的分离。在此基
础上尝试将芯片装置用于 HL-60 细胞周期同步化实验。所设计制备的微流控芯
片装置成功实现了微球混合样品中 10μm 和 20μm 两种微球的同时分离，不仅分
离效率高，而且产率也高。相比之下，HL-60 细胞周期同步化实验结果不如微球






































Cell isolation and sorting is an essential preparatory step in many bioanalysis and 
medical assays, hence the development of efficient, convenient and inexpensive cell 
separation methods has been a hotspot in biological and medical research field. 
Microfluidic technology which appeared in 1990s has been a new technological 
platform for biological and chemical research field with its many inherent advantages, 
and a lot of new cell separation techniques based on microfluidic technology have 
been proposed and developed. Inertial microfluidics is a research hotspot which has 
emerged in microfluidic field in recent years, and its main feature is the capability to 
focus microparticles or cells in microchannels without the need for any external force 
such as electricity, magnetism. The main work of this thesis is the design and 
fabrication of microfluidic devices with special structures based on inertial 
microfluidics, and to explore their applications in the bioanalytical field. 
Chapter one of this thesis is introduction. This chapter begins with an overview 
of the history, development and advantages of microfluidic technology, and then the 
existing cell separation methods based on microfluidic technology are enumerated and 
demonstrated in detail. In the end, the basic principles of inertial microfluidics are 
briefly illustrated, and recent applications of inertial microfluidics together with its 
advantages are summarized. 
Chapter two demonstrates the separation of blood plasma using microfluidic chip 
with asymmetric curved channels. In this chapter, microfluidic device with 
asymmetric curved channels was designed, and the corresponding 
polydimethylsiloxane (PDMS) microfluidic device was fabricated using a printed 
circuit board (PCB) master and replica molding method. First of all, fluorescent 
polystyrene microspheres as model samples were used to investigate the performance 
of the device. According to the results of microsphere model experiment, the device 
was used to separate blood plasma from diluted blood sample, and successfully made 
blood cells achieve inertial focusing. Consequently, blood cells were depleted and 
plasma was obtained. The microfluidic device which was designed and fabricated in 
this chapter used for separation of blood plasma shows not only high efficiency and 















Chapter three demonstrates the cell cycle synchronization using microfluidic 
chip with spiral channels. In this chapter, microfluidic device with spiral channels was 
designed, and the corresponding polydimethylsiloxane (PDMS) microfluidic device 
was fabricated using a solder resist master and replica molding method. Firstly, 
fluorescent polystyrene microspheres as model samples were used to investigate the 
performance of the device, and then the device was used for separation of 10μm and 
20μm microspheres mixture sample. On this basis, the device was attempted for 
HL-60 cell cycle synchronization experiment. The microfluidic device which was 
designed and fabricated in this chapter successfully achieved the simultaneous 
separation of 10μm and 20μm microspheres from their mixture sample, and showed 
not only high efficiency but also high yield. In contrast, the results of HL-60 cell 
cycle synchronization experiment were not very good, because the separation 
efficiency of G0/G1 phase and G2/M phase cells was only 1/10 of 10μm and 20μm 
microspheres mixture sample experiment, which would be solved by further 
optimizing the structure of microfluidic chip and experimental conditions. However, 
the effect of high flow velocity used in the experiment on HL-60 cell viability was 
minor, and after the separation the cell viability can still reach above 90%. 
The main contribution of this thesis is the design and fabrication of microfluidic 
device with asymmetric curved channels and spiral channels based on inertial 
microfluidic. These two devices are used for blood plasma separation and 
simultaneous separation of differently sized microspheres as well as cell cycle 
synchronization, respectively. 
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20 世纪 90 年代初由瑞士的 Manz 和 Widmer 提出的以微机电加工技术
（microelectromechanical systems, MEMS）为基础的微型全分析系统（miniaturized 
























































































收集到捕获了 T 细胞的磁性颗粒，如图 1.1 所示。 
 
 
Fig.1.1 Immunomagnetic separation of T cells[16] 
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Pamme 等人[17]则开发了名为自由流磁泳（free flow magnetophoresis）的连续









Fig.1.2 Principle of free flow magnetophoresis[17] 




































Fig.1.3 (a) Principle of hydrodynamic dielectrophoresis; (b) Photograph of separation 
of viable and nonviable yeast cells[20] 
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